Based on a single center experience with the management of ERCP-rP, we aimed to analyze the types of injuries, surgical options, and outcomes of patients with ERCP-rP.
INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) was first described in 1968 by McCune et al. (1) . It is an invasive method used today for the diagnosis and treatment of pancreatic and biliary diseases. Since the emergence of other non-invasive or less invasive methods, such as magnetic resonance colangiopancreatography (MRCP) and endoscopic ultrasonography (EUS), respectively, ERCP has been used mainly for treatment (2) . This highly invasive procedure is associated with a higher frequency of serious complications, ranging between 4% and 16% (3) (4) (5) (6) (7) . Although the risk of ERCP-related perforation (ERCP-rP) is low (<1% for patients undergoing sphincterotomy), it is associated with high morbidity and mortality, particularly for patients in whom conservative therapy is unsuccessful and who have a delayed diagnosis of perforation (8) (9) (10) (11) .
There is still no consensus on whether ERCP-rP should be managed by a conservative or surgical approach. Literature related to the management of ERCP-related complications mostly includes limited case series and case reports (12) (13) (14) . Although in the past, many authors advocated early surgical management for ERCP-rP, most recent studies have reported good outcomes with conservative management for carefully selected patients (5, 15) . Early diagnosis and definition of injury type play major roles in the management of ERCP-rP. Increased experience in endoscopic interventions and emerging technology has enabled clinicians to address these injuries with endoscopic interventional methods. Retroperitoneal perforation related to papillotomy is observed in most patients; intraperitoneal perforation is observed less frequently.
Hospital were retrospectively reviewed. The 17 patients with a diagnosis of ERCP-rP were enrolled in the study. This study was approved by the institutional review board at our institution (Local Ethics Committee of Şişli Hamidiye Etfal Training and Research Hospital), and informed written consent was obtained from all the reviewed subjects to use their clinical records in this study. The ERCP reports and medical records of the patients with perforations were evaluated. While 13 patients (0.3%) were from our hospital, 4 cases were referred from different hospitals. All patients were classified classified into two groups based on treatment approaches: conservative (C) and surgical (S).
All patients underwent chest X-rays, plain abdominal radiography, abdominal ultrasound (US), and computed abdominal tomography (CAT). Complete blood counts and biochemical profiles were assessed. Data collection included demographic features, indication for ERCP, type of injury, time to diagnosis, treatment approach (conservative or surgery), surgical procedure, length of hospital stay, morbidity and mortality.
The classification of ERCP-rP is shown in Table 1 . Based on the type of injury, patients with type I injury underwent surgical treatment, while conservative treatment was mostly preferred for patients with type II, III, and IV injuries. Patients treated with a conservative approach underwent closed monitoring for vital signs, intermittent physical examination, and blood tests. In the presence of at least two of systemic inflammatory response syndrome (SIRS) criteria (sepsis) (10) (body temperature >38°C or <36°C, heart rate >90 pulse/min., respiratory rate >20/min. or PaCO 2 <32 mmHg, white blood cell count >12000/ mm³ or <4000/mm³, >10% immature neutrophil (bands)), repeat CAT was performed to determine possible free fluid collection or abscess formation. Percutaneous abscess drainage was applied for patients with conservative treatment whose CAT scans revealed intraperitoneal or retroperitoneal localized abscesses during the follow-up period.
For statistical analysis, Statistical Package for the Social Sciences version 20.0 for (IBM Corp.; Armonk, NY, USA) was used. Only descriptive measures were used. Continuous variables were represented as mean±standard deviation or median and range. Categorical variables were represented as percentages.
RESULTS
Of the 3492 ERCP cases during the study period, 59 patients with abdominal pain following ERCP procedures were admitted to the General Surgery Clinic with a preliminary diagnosis of ERCP-rP. Free air in the intraperitoneal and/or retroperitoneal areas, contrast leakage, fever and/or elevated leucocytes, and C-reactive protein were found in 16 patients; they were diagnosed with post-ERCP iatrogenic duodenal perforation (0.4%). In addition, four patients with a diagnosis of ERCP-rP were referred from other hospitals. Only 3 out of 20 patients were diagnosed with perforation due to contrast leakage during ERCP, whereas the remaining patients (85%) were diagnosed during post-ERCP follow-up.
There were 12 female (60%) and 8 male (40%) patients with a mean age of 46 years (range: 23 to 76). The mean time to diagnosis was 7.8 hours (range: 1 to 36 hours). In patients with a suspected perforation, oral intake was ceased and initial treatment with fluids, analgesia and appropriate antibiotics was started. Three patients (17%) initially treated with a conservative approach underwent surgical procedures due to peritonitis findings, fever, and elevated WBC and C-reactive protein during follow-up. The mean duration between diagnosis and surgery was 24 hours (range: 18 to 36).
The mean length of hospital stay was 12 days in the conservative group, whereas it was 12.4 days for the surgery group. In nine patients with conservative treatment (Table 2) , percutaneous drainage was performed during follow-up due to intraabdominal abscess. One patient in the surgery group died of sepsis on postoperative day 8. She was diagnosed with perforation 12 hours after ERCP and underwent hepaticojejunostomy with gastroenterostomy. Detailed data for the patients treated with surgical approaches are shown in Table 3 .
DISCUSSION
Although ERCP is an invasive procedure, it is still one of the most common procedures used for the diagnosis and Table 2 . Demographics and diagnosis of patients who were not surgically treated treatment of biliary diseases (1) . It has various complications, including gastrointestinal system perforation, which has significant morbidity and mortality rates (3) (4) (5) (6) (7) 9) . In this study, we evaluated the treatment approach to perforations and discovered that only some of these patients required surgical treatment. For better outcomes, diagnosis of the injury and determination of the injury type should be given priority.
While almost all authors advocate surgical treatment for type I injuries, a debate remains as to whether conservative or surgical strategy should be performed for other types of injuries. Timely diagnosis of ERCP-related perforations is important in establishing better treatment approaches. In cases of perforations involving peritoneal signs, type IV perforations are more commonly diagnosed. In contrast, it is more difficult to detect retroperitoneal perforations, which only can be identified using radiological imaging methods due to post-ERCP abdominal pain. Clinical studies investigating the diagnostic methods for ERCP-related perforations have revealed that CAT is the most sensitive method in patients with high suspicion of perforation (16). Genzlinger et al. (17) reported the efficacy of CAT after ERCP. About one-third of the patients with perforation are diagnosed at the time of ERCP procedure. In our study, diagnosis of perforation was established for only three patients (15%) due to contrast leakage during ERCP. The remaining 17 patients were diagnosed using imaging methods (CAT, US, MRCP).
Various classification methods have been presented for the definition and classification of ERCP-related perforations (10, 11) . In this study, we used the classification system that Stapfer et al. (10) previously introduced. They reported that type I injuries generally require extensive emergency surgical procedures, whereas type II and III injuries with minimal contrast leakage and absence of fluid accumulation can be managed conservatively. Type IV injuries are classified as pseudoperforations related to air pressure during ERCP.
There has been no consensus on the management of ERCPrelated gastrointestinal system perforations to date. Although emergency surgical treatment has been advocated in previous studies, conservative treatment was commonly reported with successful outcomes in appropriate cases in recent series. (10, 12, 18, 19) . Mortality rates between 7% and 25% were reported in several studies, in which the most common types of perforations were type I and II (12, 19, 20) . In our study, the most common type was type II injury (60%); only one patient with type I injury (5%) died of sepsis.
Conservative treatments include endoscopic clip application and percutaneous drainage catheter insertion. Patients diagnosed with retroperitoneal abscess can be managed with percutaneous drainage, which may result in fistula formation. In our study, 60% (9 of 15) patients were managed conservatively by insertion of a percutaneous drainage catheter. Five of these patients required catheter adjustments or additional catheter insertion.
CONCLUSION
Accurate diagnosis and timely intervention are very important in patients with ERCP-rP. Clinical symptoms, imaging methods, and the mechanism of injury should be evaluated, and all these parameters should be considered before deciding whether to operate. Conservative treatment with close followup can prevent unnecessary surgery, whereas early operation on patients who fail to respond to medical treatment may prevent morbidity and mortality that can be caused by delayed surgery.
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